Tumor necrosis factor-alpha increases airway smooth muscle oxidants production through a NADPH oxidase-like system to enhance myosin light chain phosphorylation and contractility.
Tumor necrosis factor plays a critical role in airway smooth muscle hyperresponsiveness observed in asthma. However, the mechanisms underlying this phenomenon are poorly understood. We investigated if tumor necrosis factor-stimulated airway smooth muscle produced reactive oxygen species, leading to muscular hyperresponsiveness. Tumor necrosis factor increased intracellular and extracellular oxidants production in guinea pig airway smooth muscle cells and tissue homogenates. This production was abolished by inhibitors of NADPH oxidase (diphenylene iodinium or apocynin) and was enhanced by NADPH, whereas inhibitors of mitochondrial respiratory chain, nitric-oxide synthase, cyclooxygenase, and xanthine oxidase had no effect. NADPH oxidase subunits p22(phox) and p47(phox) were detected in smooth muscle cells and tissue homogenates by Western blot, immunohistochemistry, and spectral analysis. Furthermore, oxidants production was significantly reduced by transient transfection of smooth muscle cells with p22(phox) antisense oligonucleotides. Intracellular antioxidants and diphenylene iodinium abolished tumor necrosis factor-induced muscular hyperresponsiveness and increased in phosphorylation of the myosin light chain. Finally, NADPH oxidase subunits p22(phox) and p47(phox) were also detected in human airway smooth muscle. Collectively, these results demonstrate that tumor necrosis factor-stimulated airway smooth muscle produces oxidants through a NADPH oxidase-like system, which plays a pivotal role in muscle hyperresponsiveness and myosin light chain phosphorylation.